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SPECIFICATION 

1 . Title of the Invention 

Active Matrix Substrate 

2 . Claims 

1. An active matrix substrate comprising: 
an insulating substrate; 

plural data lines and plural timing lines perpendicular to each other 
on the insulating substrate; and 

switching elements located at the intersections of the data lines and 
the timing lines to drive pixel electrodes; 

wherein the insulating substrate has grooves, and capacitors added to 
the pixels are formed in the grooves. 2. The active 

matrix substrate as set forth in claim 1 wherein the capacitors added to 
the pixels consist of a first semiconductor thin film doped with high 
concentration impurity, an oxide film of said semiconductor thin film, and 
a second semiconductor thin film doped with high concentration impurity. 

3. Detailed Description of the Invention 
[Industrial Field of Utilization] 

The present invention relates to the structure of an active matrix 
substrate in which plural data lines and timing lines being perpendicular 
to each other and switching elements for driving pixel electrodes arranged 
at the intersections of the plural data lines and timing lines are placed 
on an insulating substrate. 
[Prior Art Techniques] 

Fig. 2 is a diagram schematically illustrating an active matrix 
substrate. A semiconductor thin film is used as an active region on an 
insulating substrate. Using this active region, thin-film transistors (TFTs) 
are fabricated. [Translator ' s note: The original sentence contains some 
ununderstandable words that cannot be translated. ] Because of the switching 
action of the TFTs, a video signal on data lines (Si, S 2 , etc. ) can be written 
into the pixel electrodes by a signal on timing lines (Gi, G 2 , etc.). 
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Furthermore, in the case where a counter electrode is provided such 
that a liquid crystal material is interposed between each pixel electrode and 
the counter electrode, and a voltage is applied to the liquid crystal material, 
the orientation of the liquid crystal material varies. Thus, a liquid crystal 
panel whose transmit tance for light can be controlled can be accomplished. 
A pixel capacitance fabricated by the pixel electrode and the counter 
electrode via the liquid crystal material, has an advantage that the pixel 
potential can be retained more reliably with increasing the pixel capacitance 
as long as it is less than a pixel capacitance value determined by the ON 
resistance of TFTs and the writing time. Also, it has advantages that the 
vertical nonunif ormity is reduced and the display quality is enhanced. 
Accordingly, where the pixel electrode area is large (e.g., 200 micrometers 
in diagonal or more), no serious problems occur. However, where the pixel 
electrode area is smaller (e.g., 100 micrometers in diagonal or less), 
capacitors added to the pixels are indispensable for compensation of the pixel 
capacitance. 

Fig. 3(a) is a plan view of the prior art active matrix substrate, and 
in which MOS capacitors are used as capacitors added to pixels. Fig. 3(b) is 
a cross-sectional view taken on line a-a' of Fig. 3(a). 

The process sequence is next described. First, a semiconductor thin 
film 2 such as polycrystalline silicon thin film is deposited on an insulating 
substrate 1 as made of quartz and patterned. Then, the semiconductor thin film 
2 is oxidized, and a gate insulating film 3 is formed. Thereafter, a conducting 
thin film is deposited and patterned. In this way, gate electrodes 4, timing 
lines 5, and a common line 6 are formed. Note that the timing lines 5 and the 
common line 6 are not always required to be made of the same material. Then, 
phosphorus ions are implanted into the semiconductor thin film 2, using the 
conducting thin film as a mask. Thus, n-type MOS capacitors are created 
immediately below the n-type TFTs and common line 6. Then, an interlayer 
insulating film 7 is deposited. Contact holes 8 are formed. The transparent 
conducting film is patterned to form pixel electrodes 9. The metal thin film 
is patterned to form data lines 10. A positive fixed voltage is applied to 
the semiconductor thin film 2 with respect to the common line 6 to thereby 
create capacitances added to the pixels by the insulating oxide film, the 
capacitances being located between the common line 6 and the semiconductor 
thin film 2. However, with the aforementioned prior art technique, limitations 
are placed on the capacitances added to the pixels, for the following reason. 
The area of the portions of the common line 6 which create MOS capacitors needs 
to be Increased in order to increase the capacitance added to pixels. This 
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w±ll lead to a decrease in the aperture ratio. Therefore, where the pixel area 
is especially small (e.g.. 50 micrometers in diagonal or less), the aperture 
ratio is further sacrificed. 

Accordingly, the present invention is intended to solve these problems. 
It is an object of the present invention to provide a high-density active-matrix 
substrate structure having pixel electrodes to which large capacitors can be 
added . 

[Means for Solving the Problem] 

An active matrix substrate in accordance with the present invention has 
an insulating substrate, plural data lines and plural timing lines 
perpendicular to each other on the insulating substrate, and switching 
elements located at the intersections of the data lines and the timing lines 
to drive pixel electrodes, and is characterized in that grooves are formed 
in the insulating substrate, and that capacitors added to the pixels are 
formed in the grooves . 
[Operation] 

In the above-described structure in accordance with the present 
invention, capacitors added to the pixels are created in three dimensions by 
forming grooves in the Insulating substrate. Even where pixel electrodes are 
present at a high density, large capacitors added to the pixels can be created 
in a narrow region without deteriorating the aperture ratio. 
[ Embodiments ] 

Fig. 1 shows a first embodiment of the present invention. Fig. 1(a) 
is a plan view of an active matrix substrate having capacitors added to pixels , 
the capacitors being created in grooves. Fig. 1(b) is a cross-sectional view 
taken on line a-a' of Fig. 1(a). 

Its process sequence is described below. First, grooves 11 are formed 
in an insulating substrate 1. An ordinary isotropic etching process may be 
used. However, where deep and small grooves are formed, a dry anisotropic 
etching process may be adopted. Then, doped, first polysilicon thin film 
12 is deposited. All the layers are removed by patterning except for inside 
the grooves 11 and for the common line 6. Subsequently, the polysilicon thin 
film 12 is thermally oxidized, and an insulating oxide film 13 used to create 
capacitors to be added to pixels is formed. Then, a second polysilicon thin 
film 14 doped with an impurity is deposited to bury the inside of the grooves 
11. Then, a semiconductor thin film 2 used for thin-film transistors is 
deposited and patterned to form a gate insulating film 3. Subsequently, the 
same process steps as the prior art process steps shown in Fig. 3 are carried 
out. As can be seen from the figure, larger additive capacitors than those 
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shown in Fig. 3 can be formed. Two conducting films for forming the capacitors 
added to the pixels are doped polysilicon films in the present embodiment. 
They can also metal thin films. It is not always necessary that the grooves 
11 be buried. Where flatness is taken into consideration, it is desired to 
bury the grooves. 

Fig. 4 shows a second embodiment. Fig. 4(a) is a plan view. Fig. 4(b) 
is a cross-sectional view taken on line a-a' of Fig. 4(a). 

In the structure of Fig. 1, the common line 6 is under the insulating 
oxide film of the capacitors added to the pixels. In the structure of Fig. 
4, the common line is placed on top of the insulating oxide film. In Fig. 
4, the gate insulating film for the TFTs and the insulating oxide film for 
the capacitors added to the pixels are formed at the same time. They are 
not always required to be formed simultaneously. Where the common line 6 
and the timing lines 5 are made of the same material, the process sequence 
can be shortened. They are not always required to be made of the same material. 

Fig. 5 shows a third embodiment. Fig. 5(a) is a plan view of the third 
embodiment. Fig. 5(b) is a cross-sectional view taken on line a-a' of Fig. 
5(a). The present invention is applied to a high-density active matrix 
substrate having a pixel area smaller than those of Figs. 1 and 3. This is 
an ideal structure in which priority is given to the aperture ratio. 

First, TFTs are placed under the data lines 10 and so effective use 
of the pixel regions can be made. Where the data lines 10 are made of a metal 
thin film, the lines can be formed also as a light shielding layer. Leakage 
current from the TFTs under the presence of light can be reduced. 

Secondly, the capacitors added to the pixels and formed in the grooves 
and the common line 6 are placed under the timing lines 5. This structure 
provides an improved aperture ratio. 

The process sequence is similar to the process sequence of the second 
embodiment described in connection with Fig. 4 except that a process step 
for depositing an interlayer insulating film 7 ' between the common line 5 
and the timing lines 6 is added. 
[Effects of the Invention] 

In accordance with the present invention, capacitors added to pixels 
are built in grooves. Therefore, even if the liquid crystal panel has a high 
pixel density, the pixel potential can be retained sufficiently. Vertical 
contrast nonunif ormity is suppressed. Also, contrast variations among pixels 
are reduced. In this way, high-quality display can be obtained. 

Furthermore, if the capacitors added to the pixels and built in the 
grooves are placed immediately under opaque portions such as timing lines and 
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data lines, a liquid crystal panel with high quality and a higher aperture 

ratio can be realized. 

4. Brief Description of the Drawings 

Fig. 1(a), (b), 4(a), (b), and 5(a), (b) show first, second, and third 
embodiments, respectively, of the present invention; In each of them, (a) is 
a plan view of an active matrix substrate having capacitors added to pixels 
and built in grooves, and (b) is a cross-sectional view taken on line a-a' 
of (a); 

Fig. 2 is a schematic diagram of an active matrix substrate; 

Fig. 3(a) is a plan view of an active matrix substrate having the prior 
art capacitors added to pixels, and Fig. 3(b) is a cross -sectional view taken 
on line a-a' of (a). 

1: insulating substrate; 
2: semiconductor thin film; 
3: gate insulating film; 
4: gate electrodes; 
5: timing lines; 
6: coftimon line; 

7, 7': interlayer insulating films; 

8: contact holes; 

9: pixel electrodes; 
10: data lines; 
11: grooves; 

12: first polysilicon thin film doped with an impurity; 
13: insulating oxide film for capacitors added to pixels; 
14: second polysilicon thin film doped with an impurity 
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